This paper proposed a novel image compression algorithm based on Gabor transform and fractal theory. First, texture features of image blocks were extracted based on Gabor transform; then cluster process were conducted for the R block and D block based on K-means algorithm, and in the process of block match, only those blocks belong to the same kind were taken into account, which can effectively reduce the encoding time. During the construction of the candidate blocks pool, two simplified approaches were introduced, including the simplification of the eight equidistant transforms and the outliers removed algorithm. Experimental results show that the proposed algorithm can both effectively speed up the encoding and ensure the image perfect visual effect, and has a good robustness.
High-speed Image Compression Algorithm Based on
Gabor 
Introduction
Communication system needs to store and transmit large amounts of information, so efficient and reliable data compression method has an extremely important position in the development of communication system. Compared with the traditional image compression algorithms, image compression algorithm based on fractal theory [1] has gradually become one of the most promising algorithms in image compression technology.
Image compression algorithm based on fractal theory uses image self-similarity to remove a lot of redundant information and obtains a higher compression ratio. As it is difficult to obtain self-similarity in the global image, at first, the image is segmented into some blocks in a certain way; then, the affine transform is used to describe the similarity between the image blocks, and the affine transform coefficients are stored; finally, through the Iterated Function Systems (IFS) we can obtain the reconstructed image. However, due to large amount of calculation during the block matching process, it leads fractal coding algorithm very time-consuming. The accelerated fractal image coding algorithms mainly focus on the following three aspects: (1) Segmentation method of D blocks pool v, (2) Search method for D block and R block in the matching process [5, 6, 7] , (3) The combination of fractal theory with other theories [8, 9] . This paper presents a new image compression algorithms based on Gabor transform and fractal theory. First, texture features of image blocks were extracted based on Gabor transform; then cluster process were conducted for the R block and D block based on K-means algorithm, and in the process of block match, only those blocks belong to the same kind were taken into account, which can effectively reduce the encoding time. During the construction of the candidate blocks pool, two simplified approaches were introduced, including the simplification of the eight equidistant transforms and the outliers removed algorithm.
The Proposed Method

Construction of Candidate Blocks Pool
In the traditional fractal coding algorithm, each image block in the D blocks pool are needed to carry out an affine transform to generate a candidate block pool to match the R block, and this process needs a great amount of calculation, and thus greatly increases the fractal coding algorithm time complexity. Therefore, how to effectively reduce the amount of calculation for the construction of candidate blocks pool is an important issue in improving the speed of fractal algorithm coding.
The Simplification of the Eight Equidistant Transforms
Traditional fractal coding algorithm needs eight equidistant transforms, so that each D block is able to search for the best match R block. When the resolution of the image is 512 × 512, the R block is 8 × 8 and the block D is 16 × 16. To calculate the mean square error, the calculation of the amount of conventional fractal algorithm is 247009 × 8, which is an essential reason fractal encoding processed. Therefore, how to effectively reduce the equidistant transforms frequency is an important issue to reduce the fractal encoding time. By observing the rotation of the different blocks, we propose an effective rule to reduce the time of equidistant transformation. First, a D block is divided into four sub-blocks; Second, the mean of each sub-block is calculated respectively, and is used to generate the D-block mode. Because each D block contains 4 sub-blocks, each block consists of 24 modes. According to the following analysis we can find that some of them do not need to carry out eight equidistant transforms. The third category: The fourth category: any D blocks do not meet the first three categories need conduct eight equidistant transforms.
The Outliers Exclusion in the Candidate Blocks Pool
In order to further accelerate the speed of fractal coding, we remove the blocks whose brightness mean is more than 30 difference of the average brightness based on the human visual characteristics. This is because the human eye is more sensitive to brightness, some blocks whose brightness is too different from the to be matched R block can be removed, for the larger gap between brightness substantially not having higher similarity. As shown in Fig. 1 , it is possible to further reduce the number of candidate blocks, thereby reducing the time of fractal coding, but also the quality of the reconstructed image will not be affected. 
Image Compression Based on Gabor and Fractal Theory 2.2.1 Texture Features Extraction Based on Gabor Transform
Gabor function [10] was first used in the field of communication, also used in the field of image processing. From the perspective of the space domain, Gabor filter is a Gaussian equation multiplied by a complex exponential term, which is simply the Gabor filter is a translation of a Gaussian function in the frequency domain.
The procedure of image texture features extraction based on Gabor transform is shown in Fig. 2 .
As shown in Fig. 2 , first we use the original image as an input, then Fast Fourier Transform (FFT). Second, we select the Gabor kernel function, and constitute a type of filter bank according to a certain scale and certain direction, and discrete sampling processing. Then, the filter group linear extension multiplied by the image after the FFT transform. Finally, the results of the output of the multiplier are done with Inverse Fast Fourier Transform (IFFT), thereby to obtain the image texture characteristics.
Suppose I indicates the intensity distribution of the image, the Gabor feature is represented by the following formula:
wherein W θ,λ (x, y) is Gabor kernel function, F θ,λ is the result of the direction θ, the scale λ of the Gabor wavelet convolution. We choose that 5 as value of λ, 4 as θ, these means the selection of four directions 5 scales Gabor wavelet.
To improve the accuracy of subsequent clustering algorithm which goes after of the Gabor filtering characteristics contain the different spatial scales and directions, we use the a Gabor filter to transform all scales direction of the image a cascade feature vectors, as defined in Eq. (2). T = (F 0,1 , F 1,1 , F 2,1 , F 3,1 , F 1,1 , . . . , F 3,5 )
From the feature extraction, the Gabor filter can be considered to extract the characteristics of the image having different properties in different directions and different scales.
Image Compression Based on Gabor and Fractal Theory
In this paper, the image coding algorithm based on Gabor and fractal theory is a classification search algorithm based on quad-tree decomposition. First, the R block is conducted a quad-tree decomposition, and texture features are calculated. For each level quad-tree decomposition, R block and D block are classified based on texture features into classes. For each R block, in the search to find the best match D block, we just consider the D block which belongs to the same category. When we get the R block and D block of the image, we use the texture features as a classification basis.
As the clustering algorithm based on K-means, we use the feature vector of Eq. (2) as an independent variables of K-means, each R block of the variables queue, search for the best match D block reconstruction error is shown in Eq. (3).
where s i represents luminance adjustment factor, 0 < s i < 1, o i means that the brightness offset factor, x r (i) and x d (j) means pixel texture characteristic value of R block and the D block, which n means the number of pixels in the block.
In order to reduce the calculation amount of the estimation for the parameters s i and o i shown in Eq. (3), we only use a subset of the D-block pool to match one R block r i . First, K-means clustering algorithm is conducted for each class of quality hearts to find the best matching nature heart c t ; Second, D block that only belongs to the c t is considered to match the R block. Therefore, if the feature vector extracted from the blocks in the pool have representation, the number of times the block matching operation will be greatly reduced.
The procedure of the proposed algorithm is described as follows:
(1) Divide an original image into two sub-blocks of different sizes: R block and D block and construct a candidate block pool using the algorithm which based on the improved equidistant and outliers remove algorithm.
(2) Divide R blocks pool and D blocks pool into classes using the K-means clustering algorithm based on texture features , D blocks pool is first initialized to mean of 0 and variance of 1.
After the application of K-means clustering algorithm, the center of mass of storage for each category, and it corresponds to the D block for subsequent matching process.
(3) To traverse R block pool, calculate the current R block R i texture features T i , and traverse the D block pool to find the same class to R i , calculate Eq. (3) based on PDS [11] algorithm to obtain the current matching operations mean square error. If this mean square error value is less than the error threshold δ, save the parameters, repeat the process continues to traverse the R block pool; if this is the mean square error value is greater than the error threshold, then this R block R i is divided into four sub-blocks, then conduct a next level quad-tree decomposition and re-process. Error threshold δ is defined as follows:
where, v 0 means that the initial threshold, p is its increment at each level, l means that the decomposition level. v 0 is defined as follows:
where, max means the maximum value of the texture characteristics of the D-block in the D blocks pool and min means the minimum texture feature value of the D blocks (4) If the R block pool traversal end, then using a five-tuples encoding on R block, this quintuple in decoding fractal code for image reconstruction. Fractal code of R block r i consists of (x i , y i , l i , s i , o i ), which (x i , y i ) represents the best matching block the upper left corner coordinates, which l i means that the quad-tree decomposition level, which s i means that the brightness adjustment factor, which o i means that the brightness offset factor; If R block pool traversal is not the end, continue to the block matching operation.
Experimental Results and Analysis
In this experiment, fractal code of R block r i and its matched D block's upper-left coordinates are 16 bits, brightness offset factor o i is 8 bits, R block size is 2bits, brightness adjustment factor r i is 3 bits. Therefore, a fractal code is 29 bits.
In order to verify the effectiveness of the proposed algorithm, we use JPEG, traditional fractal block image coding algorithm, Fisher's fractal acceleration algorithm, Polvere's fractal accelerated algorithm and Saupe's fractal acceleration algorithm as comparison algorithms. Fig. 3 is the original image. Fig. 4 shows the reconstruction result of Zelda image [12] when the compression ratio is 23. Since the image texture information of Zelda is very rich, it can clearly be seen the facial texture information is lost in the reconstructed image based on traditional fractal algorithm, serious distortion in the face. For the reconstructed images of the Fisher, Polvere and Saupe acceleration algorithm in the Zelda image, they all lose a lot of skin textures in the right side of the face. While the overall reconstruction of the JPEG algorithm to meet the requirement of the human visual, but lost for the details of the image texture information to a certain degree. The proposed algorithm in the Zelda image of the bottom of the right eye, the left side of the face there is a certain degree of distortion, but compared with the other five algorithms, the visual quality is better.
We use the 12 gray-scale images to compression for test, Fig. 5 shows the relation between compression ratio and the average peak signal-to-noise ratio of method based on the traditional fractal algorithm, Fisher accelerated algorithm, Polvere accelerated algorithm, Saupe acceleration algorithm, JPEG encoding algorithm and the algorithm and the proposed algorithm.
As shown in Fig. 5 , we can intuitively get that the PSNR of reconstruction image decrease, with the constant rise of the image compression ratio. Algorithm in this paper, based on the premise that the compression ratio is fixed, compared with JPEG algorithm, reconstruction image PSNR is very close, but slightly higher than that. Compared with four other compression algorithms based on fractal theory, the PSNR gets obvious increase, and the visual effect of image reconstruction has been a certain degree of improvement. Observed in Fig. 6 , we can see that encoding time of the algorithm reduce gradually, with the continuous improvement of compression ratio. Compared with other five kinds of contrast algorithm, the running time of the algorithm in this paper is the shortest, and compared with the conventional fractal image coding, this running time is significantly lower.
Conclusion
This paper proposed an image compression algorithm based on Gabor transform and fractal theory. First, we introduced two kinds of simplified algorithm for construction of the candidate blocks pool; Second, we introduced the image compression algorithm based on Gabor transform and fractal theory. Texture features of image blocks were extracted based on Gabor transform; then cluster process were conducted for the R block and D block based on K-means algorithm, and in the process of block match, only those blocks belong to the same kind were taken into account, which can effectively reduce the encoding time.
